The application of glutathione to immature soybean cotyledons reduced the accumulation of the b subunit of b-conglycinin, and increased the accumulation of most glycinins. Both reduced and oxidized forms of glutathione had these eŠects. The application of an inhibitor of glutathione synthesis, buthionine sulfoximine, increased accumulation of b subunit. These results suggest that glutathione is important in aŠecting the composition of seed storage proteins.
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Key words: glutathione; b subunit of b-conglycinin; seed storage proteins; buthionine sulfoximine; cotyledon culture Glycinin (11S globulin) and b-conglycinin (7S globulin), major seed storage proteins of soybean (Glycine max [L.] Merr), account for about 70z of the total protein in these seeds. 1) Glycinin has higher contents of sulfur-containing amino acids than bconglycinin. The b subunit of b-conglycinin has the least sulfur of the three major subunits of b-conglycinin: it has no cysteine or methionine residues in its mature form. 2) Sulfur nutrition aŠects relative proportions of seed storage proteins. [3] [4] [5] In seeds of several plant species, during sulfur deˆciency, the accumulation of sulfurrich proteins is reduced and that of sulfur-poor proteins increases. In soybean, accumulation of the b subunit of b-conglycinin increases with sulfur deˆciency 4, 5) or when O-acetyl-L-serine is applied 6) and decreases with methionine application. 7) The accumulation of most polypeptides of glycinin follows a reverse pattern: it is increased by methionine 7) and reduced by O-acetyl-L-serine. 6) In higher plants, glutathione, g-glutamylcysteinylglycine, is a major thiol compound of low molecular weight in which much reduced sulfur is stored.
8) The concentration of glutathione in plant cells is reduced by sulfur deˆciency. 9) Glutathione also aŠects the expression of sulfur-regulated genes.
10) Experiments with of Brassica napus suggested that glutathione is a signal molecule of the sulfur nutritional status translocated from shoot to root. 11, 12) Glutathione may also be transported to seeds where it acts as a signal molecule for regulation of the accumulation of seed storage proteins. However, no report has appeared on the eŠects of glutathione on such accumulation. Here, we studied the eŠects of glutathione and its precursor, cysteine, on the composition of soybean seed storage proteins.
Soybean plants (Glycine max [L.] Merr. var. Toyosuzu) were grown in vermiculite in a greenhouse at 309 C in the day (14 h) and 259 C at night (10 h) under natural light. Plants were watered with 1000-fold diluted Hyponex solution (N:P:K＝8:12:6, Hyponex Corp., Marysville, Ohio, USA). In vitro culture of immature soybean cotyledons was done as described by Thompson et al. 13) with embryos of about 30-50 mg in fresh weight (FW). One cotyledon from an embryo was placed in 5 ml of basal medium 13) in a 30-ml ‰ask, and the other cotyledon was treated experimentally as described below. Each ‰ask was weighed before and after addition of a cotyledon to obtain the initial FW. The cotyledons were cultured for 7 days at 259 C with gentle shaking under continuous light of ‰uorescent lamps. Protein extraction and analysis with SDS-polyacrylamide gel electrophoresis was done as described by Kim et al.
6)
The accumulation of the b subunit of b-conglycinin was increased and that of glycinin overall was decreased when culture was in sulfur-deˆcient media ( Fig. 1(a) ), as reported previously. 5, 14) Among the polypeptides of glycinin, accumulation of acidic polypeptides other than A3 and basic polypeptides was reduced with sulfur deˆciency, but accumulation of the A3 polypeptide increased.
We then examined the eŠects of glutathione on soybean seed storage proteins. The addition to aˆnal concentration of 1.0 mM of reduced form of gluthathione (GSH) or oxidized form of glutathione (GSSG) to basal medium containing 1.5 mM sulfate reduced the accumulation of b subunit protein and increased accumulation of acidic polypeptides other than A3 and basic polypeptides of glycinin and reduced accumulation of the A3 polypeptide ( Fig. 1(b) and (c) ). Cotyledons treated with GSH did not grow more than control, GSSG inhibited growth (Fig. 2) , possibly because of oxidative stress. Methionine changes the composition of seed storage proteins in a similar way but, in contrast, increases cotyledon growth. 7) Our results suggest that changes in the composition of seed storage protein is independent of the growth.
The eŠects of cysteine, a precursor of glutathione, were also examined. When cotyledons were cultured on a basal medium containing cysteine at 1 mM, the composition of soybean seed storage proteins was not signiˆcantly aŠected ( Fig. 3(a) ). Thisˆnding suggests that cysteine does not control the composition of seed storage protein in soybean. Alternatively, cysteine is not taken up e‹ciently by cotyledons.
Soybeans accumulate homoglutathione, 8) a glutathione-homologue tripeptide in which the C-terminal amino acid (glycine) in glutathione is replaced by b-alanine; the compound has been found in several plant species. 15, 16) The functions of homoglutathione seem to be similar to those of glutathione. Homoglutathione is used in longdistance transport of reduced sulfur in mung bean, Vigna radiata. 16) Like glutathione, homoglutathione serves as a substrate for the formation of homophytochelatins 17) and can be used for the detoxiˆca-tion of xenobiotics. 18) Toˆnd if homoglutathione controls the composition of seed storage proteins in soybean seeds, we added buthionine sulfoximine (BSO), an inhibitor of glutathione biosynthesis, to the basal medium for cotyledon cultures. Both homoglutathione and glutathione are synthesized from g-glutamylcysteine, and g-glutamylcysteine synthase was inhibited by BSO. 19) Given that the glutathione concentration is decreased by BSO in plants, 20) it is likely that the homoglutathione concentration may also be decreased in cotyledons cultured with this compound.
The use of 0.5 or 1 mM BSO in the medium allowed more accumulation of b subunit protein but less accumulation of the acidic polypeptides other than A3 and basic polypeptides of glycinin ( Fig. 3(b) ). Accumulation of the A3 polypeptide increased, as in sulfur deˆciency. These results suggest that in developing soybean seeds, homoglutathione also controls accumulation of seed storage proteins. Cotyledon growth was not less than in sulfur deˆciency (Fig. 2) , suggesting that BSO under our experimental conditions does not aŠect growth much.
Among the polypeptides that form glycinin, the pattern of A 3 accumulation was diŠerent from that of the other glycinin polypeptides: A3 is increased with sulfur deˆciency or the use of BSO and decreased with the use of glutathione ( Fig. 1 and 3) . The glycinin A3 polypeptide is synthesized as A3B4 polypeptide. 21) Unlike the b subunit of b-conglycinin, 14) the amount of sulfur-containing amino acids cannot explain the diŠerent pattern of accumulation of the A3 polypeptide.
Our results showed that glutathione and homoglutathione are important metabolites in controlling seed storage protein accumulation. Glutathione is a major storage form of reduced sulfur that is transported through the phloem, so it may be possible to control patterns of seed storage protein accumulation by changes in the glutathione metabolism in leaves.
